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Flexilnle Ba-nd for Tracin g. 

A thin, flexible, elastic metal band of constant section, bent, 
as shown in Fig. 1, by the action of two forces f applied to the 
extremities and of tv/o moments m, undergoes at any point p, a 
bending moment of 

M = ni + f yi = f(hj + y) = f y (28) 

in which yt indicates the height of point p above point a; h^, 
a constant height; and y the theoretical height at which the force 
f should act, if it alone were to create the bending moment M at 
point p. 

By putting 

^ = M (29) 

end substituting in equation (28) the value of M given by equation 
• 39) , we obtain: 

r y = = cdnst. (30) 

-hich is equation (9) of the lythenary. 

This signifies that the band takes on the shape of the imponder- 
■^ble hull. 

By utilizing this property, col. crocco built a device for tra<sf- 
ing the shape of hulls- (see orocco: "Rendiconti Esperienze e studio 
dello stabilmento costruzioni Aeronautiche," vol- III, 1914.) 

■ " "It is based primarily on the observation that equation (29) is 
■ not dependent on the particular form and flexibility of the band 
•-sed, because for similar forms, the force f , which it is necessary 
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introduce, is itself proportional to the product E J- It is there- 
ore sufficient to employ any kind of band or strip or wire, provided 
ft is homogeneous and of cciistevnt section and highly flexible in the 
-ense that in bending it, the elastic limit of the material be not ex- 
ceeded, its dimensions and modulus of elasticity counting for little* 

"Secondly, the device is based on the principle that it is un- 
necessary to know the force f, but only initially, the position of 
the plane of equipressure, that is, the distance y, measured from a 
well-determined point of the curve, where said force is acting. 

"In view of this, the device was obtained by connecting to the 
ends of the flexible band tv;o wooden rods or metal tabes fitted with 
adjustable connections permitting the angle f, between the direction 
of the band at the point of attachment and that of the rod at the same 
ooint, to be varied, juxthermore, two runners c, united by an ar- 
ticulated joint s, are fitted to the two rods (Fig' 2). 

"A few small pulleys r, support the weight of the device and 
enable smooth running. The flexible band is graduated in millimeters. 
The weight of the device may also be sustained by hinging the joints 
p and Q to. fixed supports. 

"After the position of the rod a, is fixed, the next Important 
operation is setting the two rods a and b, perfectly parallel, which 
is acconiplished by adjusting the two attachments. 

"Tbe procedure is as follows: 

1) Tbe attachments are fixed at a distance corresponding, in the 
scale of the draft, to the desired length of the hull section, which 
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is included between the two fixed points a B, through which the 
curve must pass. Othexiirise, two indexes of any Isind axe marked at 
the ends of sadd length, meaL-'ured on the graduated band. 

2) The positions of the points p and Q, located on the plane 
Df equipxessure and of Y^hich the distance from each other is known, 
as well as their distance respectively from points A and b, are 
fixed on. the rods. 

3) The screws of the attachments are adjusted until the rods 
are parallel and the curve passes through the fixed points A and B« 

"In this way, the device remains in equilibrium as a result of 
the single force (unknown) acting between points P and Q, and thus 
corresponds exactly to the equations established-" 



surface must be replaced by other surfaces rhich may be developed 
and which so closely approach the original surface that, when the 
hull is inflated, the shape is almost perfect. 

The surface lines will meet in curves corresponding to the lon- 
gitudinal seams of the fabric- It is evident, therefore, that the 
length of two adjacent edges of two partial surfaces in contact 
with each other, must be equal. 

The methods' for determining the resolution of the hull into el- 
ements capable of development, are: '-^ 



Tracing of the Gores . 



The surface of an airship hull can not be developed into a 



plane. Therefore, for the pu 



rposes of construction of a hull, said 
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a) Resolution into gores along the meridians, that is, along 
longitudinal geodetic lines; 

"b) Resolution into inscribed, circumscribed, ox median cones, 
that is, into parallel zones; 

c) Resolution into transverse geodetic zones. 

The method of development along longitudinal geodetic lines 
consists in tracing on the hull a certain number of meridiansj pos- 
sibly at equal angular distances from each other, and passing 
through the pointy of variation of form of the section, m this 
way, the same number of gores is obtained as the number of meridi- 
ans traced. Each gore of the hull is then replaced by the surface 
which is obtained by shifting longitudinally a straight line, wliich, 
being tangential to the hull and invariably parallel to itself, 
runs along the meridian at right angles- consequently, for each 
gore, a surface, susceptible of development into a plane, is ob- 
tained, possessing almost in every case an axis of symmetry v/hich 
is equal to the length of the meridian, said surface being bounded 
by two curves. 

If the meridian curve of the hull has the eq^oation 

. y = f (^) 

and if a certain portion of the hull section has n identical 
gores, the semi-width h, of each gore, in correspondence writh the 
parallel of the abscissas x and the ordinates y, will invaria- 
bly have the form 

h=|f. (X) (37) 
in which A is a numerical factor, depending on the form of the 
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contour of the section on which the gores icust lie, and n is the 
smallest integral number^ as defined by 



in T:7hich L is the width of the fabric to be employed and the 
value of. X corresponding to the min cross-section. 

The abscissa s, corresponding to a given value h of the 
ordinate of the gore, is 



The method indicated above, for calculating ordinates .and ab- 
scissas of every gore, is ver3'- simple and may alws.ys be applied to 
hulls, the meridians of Trhich may be formulated mathematica.lly, 
and also to hulls the meridians of which can be deterraj.ned experi- 
mentally, in the latter case, it is sufficient to substitute y 
for f(x) and the + sign for the / in the above and following 
formulas* 

in progressing from the main cross-section toward the bow and 
stern, the value of y decreases and, consequently, also that of 
n. In order> therefore, to avoid too close seams at the ends of the 
hull, .it is expedient after the section, che abscissa of vrhich is 
X, is reached, to decrease the number of the seams, so that 



(38) 




(39) 



a L > b 



2a. 



(40) 



n 



in vihich a and b are integral numbers- 
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Sp-i table solu-tions axe ob-tained "by assuniing a = 2 and b = 3, 
ox • a = 1 and . "b - 2, and "oj xeducing the seams at tlie ends of 
the hull "by using the coTabln?-oion of the t'wo solutions pxoposed. 

The xeduction in the numhex of seams (fxcm a numbex of goxes n 
to a smallex numbex) is effected, so that the seams do not all coin- 
cide with the same paxallel. it is beiiter that they be given an 
alternate arrangement, as shown in Fig. 3, where the gores have been 
txaced with equal width fox the sake of clearness. 

in passing from a given numbex of goxes to a smallex mmbex, 
we find that, theoretically, their tracing, as indicated above, is 
not suitable, because the fabric would overlap at certa.in points, 
wllile it would be totally lacking at other points. Hence the con- 
ception that the tracinPi; should be made by substituting, for the 
ordinates h and for the a^cis of the abscissas s, segments of a 
circle h in length, the cent ex of which, howevex, is located on 
the axis of the s, with a radius equal to the length of the tan- 
gents to the meridian curve included between the point of contact 
and the longitudinal axis of the airship- 
Theoretical ly, this is exact, but it would entail considerable 
difficulty in drafting- on the other hand, this disadvantage is not 
encountered in practice and, consequently, the above-mentioned 
method of tracing holds. 

Around the dxawing of the gore, descriijed above,' it is necessa- 
ry to leave an additional strip, one-half the width of the fabric, 
for the seam. 



W.A.O.A. Technical Memorandiom no. 235 9 

in practice,, the tracing of the gores is macfe by tin soldering 
a steel wire 0.5 to 1 irm in diameter to a piece of zinc sheet of 
suitable dimensions, along the curves determined as above. The 
fabric is then stretched on the metal sheet prepared in this way. 
By using a smoke- covered roller, the fabric is then marked in corre- 
spondence T,-ith the cTOXve along which the fabric .has to be cut and 
sewed. 

The abscissas S for the composition of the various gores and 
parts, as v/ell as the other reference points considered necessary, 
are also marked on the zinc sheet. 

The method of developm.ent into parallel zones consists in tracin^^ 
on the surface of the hull a certain nuraber of parallels and in con- 
sidering the fabric rings included between two consecutive parallels 
as susceptible of development. This is tantamount to substituting 
for the hull surface the surfaces of a number of coneSj, the vertex- 
es of vjhich are located on the longitudinal axis of the airship at 
the points where 'said axis is intersected by the straight line join- 
ing the points in which the two parallels under consideration cut 
the meridian, or at the points where said axis is intersected by 
the tangents to the median element of the meridian incl\ided between 
the two parallels, or again, where it is intersected by a straight 
line between the two former lines, consequently, three different 
methods are available for this development. 

The zone of conical surface thus obtained may be developed into 
a plane. The two parallels bounding this zone, are circles or 
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curves easy of determination' and depending on tlie shape of the sec- 
tion.- 

The parallels must be selected sufficiently close to one an- 
other so that the arc of the meridian included betv/een them may be 
replaced by a segment of a straight line. 

This method is advantageous, v/hen the hull is wholly a figure 
of revolution. 

If the .equation of the meridian is 

• y = f (X) 

the angle a betv/een the 8.xis of rotation and the tangent to the 
meridian in a point the abscissa of which is x, is 

tan a = f^ (x) 

the angle a between the axis of rotation and the chord of the arc 
of the meridian, as characterized by the points, x and x + dx, is: 

tan a = ^-l2LjL|^:i_l_U) 
dx 

The length of the generatrix of the cone ' included betv;een the 
vertex and the generatrix of contact on the hxill, or the parallel 
corresponding to x, v^ill be; 

R = i^) (41) 

sm a 

and in developing the' cone in a plane; r is the radius of the 
circle with which the median parallel or the parallel of intersec- 
tion of the cone with the hull surface (that is, the internal cir- 
cle of the extended zone) will be developed. 
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In the first case, the semi-vfidth of the zone will he 



h = 



r tan e 



(48) 



where r is the radius of the meridian curve at the point of contact 
and a the angle measured at the center of the osculatory circle 
corresponding to the externe.l anr^les of' the arc of the meridian be- 
tween the tvra successive parallels. 

In the second case, the width of the zone will be: 



The problem is thus reduced merely to tracing arcs of circles. 

The tracing of the arcs for the outline of the elements near- 
est the pole, entails no special difficulty, if an extension compass 
is used- But when the radius exceeds 4 meters, it is impossible to 
continue with this system, both on account of practical difficul- 
ties and of the inevitable inaccuracy.- Recourse is therefore had 
to-aii indirect method based on the principle that the geometrical 
locus of a,ll points vrhich, joined to two fixed points, form a con- 
stant angle, is a circle, consequently, if it is desired to trace 
the arc AjBi of radius R and underlying chord 2 c^ , it is 
sufficient to employ two rods, one pa,esing constantly through Aj 
and the other through B^* and determine the point of their inter- 
section so that OC is perpendicular to the chord- BY moving the 
point of intersection, while maintaining the rods passing constantl3'- 
through AjBj , said point will describe the desired arc- 

This procedure, however, would necessitate varying the d.istance 



3 h ,= 



^ X 



(43) 



cos a 
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between the points Aj and , for each axe, and modifying the in- 
clination of the rods so that c is such that y, = R - J ^ - 0/ • 

If, instead of taking A^B, = 2c.j as the basis, we take 
AB = 3x of any length, we are able to trace the same arc by taking 

y = R- J ^ - X®. 

It is therefore, obvious that the operation may be simplified 
by keeping the basis constant and varying only the inclination 

of the two rods according to the y calculated. According to the 
principles set forth above, a practical device for drawing arcs of 
great radius has been constructed (Fig. 4). 

This device comprises: 

a) A board ABCDEF -^rith a graduated reference line f;^ fg 

traced in its niedian axis- Along the side eF another 
double graduation is marked, zero being located at the 
point of intersection with the f^ f^ line; 

b) Tvro movable rods {o.^^^^) carrying a tracer at the point of 

crossing; 

c) Tt;o roller supports (rj,rg) fixed to the board on a paral- 

lel to the side eF and at a predetermined distance 
2x from each other; 

d) A square. 

By means of straight lines passing through its center, the 
zone developed, is divided into a number of parts which are included 
in the v/idth of the fabric* The geometrical figures thus obtained 
are curvilinear isosceles- trapezia. 

It is advisable to determine the maximum length to be given to 
one of the parallel sides of the trapezium. This length L is deter- 
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mined by the fact that the radial f of the arc -forming the minor 
parallel side, increased by .2.h, must be equal to the Tridth of 
the fabric, that is. 



and the length 20^ of the chord of an arc 3 F, the radius of 
which is R, is given by 



consequently, the problem is completely solved. 

in sewing the different conical rings together, it is better 
for the seams corresponding to the straight sides of the trape:3ia to 
be in zig-zag arrangement, in this v/ay a stronger and easier con- 
struction is obtained- 

The method of development into geodetic zones consists in trac- 
ing on the surface a certain number of geodetic curves arranged so 
that they are tangential to the parallels at the point corresponding 
to the extreme upper point of their vertical diameter. This fact 
causes the geodetic lines .to. be sinnmetrical on both sides with 
respect to the vertical diametral plane of the airship. The geodet- 
ic line of the main cross-section coincides urith the parallel. The 
surface included between the geodetic lines will be replaced by the 
developed surfaces obtained as the geometrical locus of the curves 
of the meridian arcs included between two successive geodetic lines. 



f = L - 2 h. 



(44) 




/ 



(45) 
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De termin at ion of the compartments . 

piap hragns - 

The volume of a compe.rtment must be such tha.t, assuming it to 
deflate completely, the airship will continue to float. This means 
that the lifting force corresponding to one compartment mu-st "be 
less than the lightening -which may be obtained in a given airship, 
taking into account the ballast, the lifting action of the entire 
airship and the positive thrust given by the ascensional propellers, 
in case there are any. 

The number of compartments is thereby dstermAned. Furthermore, 
if the axis of the hull is to remain horisontal or nearly so, it 
will be necessary to let a certain amount of gas escape from the 
compartment which is the farthest away from (and on the opposite 
side of) the center of gravit^/ with respect to the compartment 
which is deflating- However, in this way, navigation would be ham:- 
pered by a series of drawbacks, in general, it is not best to de- 
flate voluntarily the extreme compartments- All the compartments 
could be reduced to one-half the volumes determined above, but the 
subdividing would be too great and the weight of the hull excessive. 
This is rem,edied by making the extreme compartments about half the 
size of the central compartments- By skillful operation of the gas. 
valves it is then possible to keep the axis of the airship nearly 
horizontal. Having determined the number of compartments and the 
law of variation, the latter is plotted on a straight line paral- 
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lei to the orclinatss of the integral curve of the volumes- By means 
of lines parallel to the. axis of the abscissas, drawi through the 
points indicating the lav^ of variation, it is possihle to determine 
on the integral curve a number of points corresponding to the posi- 
tions of the diaphragms. These, hovrever, may be slightly shifted. 

-Let us now consider the shape and the construction of the dia- 
phragms, in discussing the cross- section of the hull, T/e stated 
that this varies according to the internal pressure. The diaphragms, 
which are continuous walls between one gas compartment and the next, 
must permit such variation of form, so as to prevent the hull from 
developing a number of humps and hollov/s from bov/ to stern. 

Hence the necessity for the diaphragms to ha\"e such dimensions 
that the sections of the hull for various degrees of inflation at 
zero pressure or at the maximum pressure supportable by the valves, 
are contained in the surface of the diaphra.gm. it is necessary, 
hOT;ever, that the dimensions be the smallest possible, in order to 
prevent any considerable shifting of the central part of the dia- 
phragm ajid consequently displacement of large quantities of gas in 
the bag. Notwithstanding this last consideration, the extended 
periphery of the diaphragm is much lonp;er than the contour of the 
parallel section of the hull at the point where the diaphragm is 
sewed. 

For attaching the diaphragms to the hull, it is customary, in 
order to eliminate folds and wrinkling, after determining the minimum 
dimensions of the diaphragm, to trace a curve of suitable form pass- 
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ing through. the separate points of the contour of the diaphragm it- 
self and of such length that it is shorter by a certain quantity 
equal to the peripheral extsncion of the section of the hull where 
the diaphragm is to be attached. On this curve is se^ed a strip of 
fabric in the shape of the lateral surface of a cylinder. The width 
of this strip is equal to the distance between the curves mentioned 
above, and its free edge, which is equal to the section of the hull, 
must be sevjed to the envelope 

The diaphra^gni nrust be of light fabric, but slightly imperviotis 
to the gas, and cut lengthwise of the fabric. The strips forming 
the diaphragm are sewed uniformly one to the other, all being of the 
same width. They form an angle of 45° with the longitudinal diame- 
tral vertical plane of the hull, 

A short time ago new t3'-pes of dia-phragms were proposed, consist- 
ing of tv/o panels of fabric set facing each other, impervious to gas 
and of greater dimensions than strictly necessary (as mentioned above 
so that the pockets thus formed between one compartment and the next, 
viTOUld function as ba-llonets on being infla.ted vidth air. This solu- 
tion, which is not the result of special exigencies, as, for instance 
the possibility of dividing the hull into different parts, is not ad- 
visable, notwithstanding its ingeniousness, because it contemplates 
only relatively small ballonets. On increa.sing the volume of the 
ballonets, large masses of gas' would be displaced in deflating, which 
is always very dangerous. Furthermore, .the surface of the fabric in 
contact with hydrogen is enormously increased, consequently the 
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losses of this gas increase proportionately. Lastly, this solution 
does not result in a lighter arrangement than the ordinary hallonet 
and airship with diaphragms. 

Suspension Catenaries . 

The lifting force of hydrogen, distributed throughout the en- 
tire hull according to a. given law, produces a part of the tension in 
the hull fabric. Due to the fact that the lifting force can be 
utilized only in certain concentrated points, various assembly meth- 
ods have been studied: 

1) Designing the hull so that it will automatically concentrate 
the lifting force of the gas at certain points; 

3} Fitting the hull vrith a rigid, element (keel) or a flexible 
element (rope held by means of a special fabric panel), which is 
capable of concentrating the lifting force in two or more points ac- 
cording to the type of construction adopted. 

If the element is rigid, it is subject to a bending stress act- 
ing on the entire structure or only on certain parts of it. If this 
part is flexible, the flection, entailed by the special type of sus- 
pension in question, is supported b3r the hull, said bending stress, 
however, both in the case of the rigid and flexible elements, must 
not be confused with that obtaining in the entire suspension system 
in certain types of airships and which we shall discuss at- length in 
another part of this volume. The bending stress is local for the 
element acted upon by the series of infinitesimal lifting forces 
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corresponding to the zone of the hull to which the element in ques- 
tion is referred. 

K=-' ■ .-1 , . . 

The effects of this bending stress often assume big values, while 
sometimes they are entirely negligible. This depends on the type of 
suspension adopted. 

The first system concentrates, independently of the type of sus- 
pension, the lifting force at certain points of the hull and does not 
produce secondary stresses. 

This system is well adapted both for an ordinary bilateral sus- 
pension and for a central suspension, as discussed in the preceding 
chapter. However, for the last mentioned, certain longitudinal 
stresses in the direction of the hull axis, are net present and con- 
sequently the problem is still further simplified. 

we shall consider, in the projection of the inflated hull on a 
vertical plane passing through its longitudinal axis, an element the 
base of which is dx and on which a lifting force df is acting, 
which force will be the difference between the true lifting force 
and the v/eight of the hull for the corresponding elementary zone, 
said force being applied at the center of the element dx. The df 
forces a,re parallel. T7e shall combine n , such consecutive forces by 
means of a connecting polygon, on the exterhal sides of this polygon 

we find two forces, . f» and f", .the geometrical sum of which is pre- 

ifc- . ■ ..... .... 

cisely n 

f = ^ df . 

If the connecting polygon is actually constructed with a rope, the 
I 
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f « and f" will be found at the extremities of the rope, should the 
ndf correspond to one of the zones (r) into which vire preventively 
divided the hull, fi. and f» are the stresses ac the ends of the 
rope. By repeating the process for all the zones of the hull, the 
sura f» + fj^^j. is equal to the' available force, corresponding to-ev- 
ery section of the division, v/hich for the sake of simplicity, we 
■shall call a "node." 

We note immediately that tfee fj^ + f^^^ may have any direction, 
which affects the suspension, as we shall see later, when dealing 
Tjith the suspension, by prod-ucing stresses in the direction of the 
axis of the hull* a solution, however, may be found so that the hor- 
izontal projection of f" = horizontal projection of f in which 
case a constant compression from bow to stern is encountered, due to 
the first f « and the last f" . 

In the case of lateral suspension, the rope corresponding to the 
connecting polygons will be in the air. Hence it is expedient, in 
order to avoid difficulty with regard to impermeability, for the rope 
to be entirely located in the air chamber, the.t is, for the series of 
the vertices of the connecting polygons to be all located under the 
projection of the meridia.n where the ballonet is attached. Fuxther- 
m.ore, it is well for said points to lie on the projection of a. merid- 
ian or on a continuous line. 

This' cSMiti on, which annuls- equation (87) , fully determines the 
curve of connection, because the positions of the nodes are also ful- 
ly esta.blished. The anti-projection of this curve is v/hat must ac- 
tually be used on the hull, under the line of catenary suspensions 
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there is still a quantity of gas^ air or hydrogen, according to the 
degree of inflation of the ballonet end, therefore, in order that saici 
gas may he contained in the ballonet, the arcs of the catenary sus- 
pensions are lined with light, impervious fabric This fabric, when 
the airship is under pressure, stretches and lengthens a,fter the ma..n- 
ner of a sail, v/ith a consequent increase in the drag of the airship, 
in order that the increase be minimum, it is necessary to construct 
the catenaries very low, but this solution involves strong horizontal 
compressions. Experience and the type of construction will deter- 
mine the right height for the catenaries. 

On observing the hull constructed in this way, we note that the 
fabric above the meridian embrc;,cing the highest points of the con- 
necting curves, is continuous, while the fabric under it is not. 
consequently, the axial tension of the bow is directly balanced by 
that of the stern in the upper part, while this is not the case for 
the part und.er the meridian mentioned above- consequently, the ac- 
tion of the forces dT acting on the form of the connecting curves, 
must also be taken into account. The value of. these forces dT is 
perfectly determined, since it depends on the dimension- ds of the 
element of the connecting curve, on its height with respect to the 
lowest point of the hull and on the internal pressure at that point* 
• we shall npF deal with the method of determining the connecting 
polygon in question. Let us consider the case in which the dT 
forces are zero, in this case, we 8.re confronted viifh. only the ver- 
tical forces having the same sign. A and B (Fig* 5) are assumed 
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to be two corxsecutive nodes of the hull and, therefore, to form part 
of the same zone or compartment. A" E" D C is the loading diagram 

due to the force f. The forces 1, 3, 3 . corresponding to 

the length of axis dx, are the df mentioned above. Let us con- 
nect said forces by means of a funicular polygon p, starting from 
node A relative to an arbitrary pole p« with a polar distance H* 
The connecting polygon will pass tarough a point b» which does not 
coincide with b- Through pi let us draw the parallel to B A and 
where it cuts the line of forces (point e) let us draw the parallel 
to A B«, that is, the line E p. On this line we shall find the 
pole of the connecting polygon. Let us assume t] to be the ordinate 
of polygon p>. m view of the fact that t]h is constant, we could 
know the value ri^ and consequently the polar distance = which 
solves' the problem, if we knew which is the point M for solving the 
problem, that is, the point of tangency of the unknown polygon ?;ith 
the meridian line, it is often possible to find immediately the po- 
sition of the point M from the configuration, by referring to poly- 
gon p«, but, should this prove difficult, the position of the point 
P is ascertained after one or two attempts. 

After determining the connecting polygon, the forces dT could 
be applied to it and a second polygon could be determined and the op- 
eration repeated, m this way, the solution of the problem could be 
found through successive approximtions/ Noting, hbwever, that the 
dT forces are negligible with respect to the df, it is reasonable 
to assume that the polygon relative to pole p fuly solves the 
problem 
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In case the loading diagram is reduced to a rectangle, the curire 
p becomes a paralDola and the tracing is easily a.ccomplished. 

It is better to make use of this case for the central part of 
the hull. 

we here call attention, therefore, to the method of determining 
the extreme tangents of the parabola- After these tangents are Imown, 
the construction of the parabola is easy. By hypothesis, the lifting 
force P available for unit of length, distributed along the arc, is 
proportional to the horizontal projection of the a.rc itself (Fig- 6 ). 

By referring the curve to the horizontal line passing through 
the highest point and to the vertical (positive downward) passing 
through the same point, we get: 

= 2 ay (88) 

The tension in any point 

R = -oje? + x^ (89) 

The tension at the vertex 

Ro = P a- 

which gives the d.eflnltion of a. Furthermore, we get 



dx / 1 . / 1 

cos e = — = a / 2 — a" e = x / -g — ; — a" 

ds ^/ a + x^ V a + X 



Q, = R cos e = pa = const. = Rq 
P = R sin e = p X 



fb 



^a + ^b = L 
^a' 

2a = -TT- 



(90) 



a 
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t 

and the problem is fully solved. 

As re^.xds the axial tension T'> tending to deform the catenar- 
ies, we note that, by calling p the minirauai average pressure in 
flight, the tension, corresponding to the section with a radius of 



7, is: 



Ti = P = ? P 

^ 2TT y ^ 2 ^ 



The . increment of tension betwee;i the sections y^^, and y^. - d is 
instead. 



- ^ t:y/ - (y-,, - d)^] p s 
^ p ^ 2 (3 yj. d - d ) 



'r 

The greater part of this tension is absorbed by the hull and — 
part by the two catene^ries. consequently, the part which actually de 
forms the polygon p is: 

T = -P. (2 y„ d - d^) (91) 

4n ^ 

Before leaving this important problem, we would briefl3r mention 
the errors made by substituting an arc of a circle for the arc of a 
parabola described above. Maintaining the s3^bols of Fig- 6, the 
equation of the parabola, referred to the preceding axes, will be 

a Xq3 

x^ = -s -y > x^ 

•^a 

the equation of the circle passing through A and tangent at point 
0 to the axis xx, v/iil be: 
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By calling u ■ the difference between the ordinates y and y. 
corresponding to a value of x = , we get 

^ = % (^a y: - ) 

^a 

the maximum value of which is given by 

du f, 



dyn. 



a 



(f 8y^) = 0 



that is, 

2 



and consequently, the maximum value is 

j3 



^max = T-f- (92) 
^ ^ a 



N.A.C.A. Technical Menorandmi No* 285 



Figs. 1 2 




Fig. 2 



N.A.C.A. Technical Memorandum No. 285 Figs. 3 & 4 





From 2 to 1 






From 3 to 2 





























Fig. 3 



B C 




■ll.lii"l'llii,lM,l-i-l,il,i,l„nlM-ii,it„,,l„iJiilll 



F . 0 E 



Fig. 4 



N.A.C.A. Technical ilemorandum No. 285 



Figs. 5 & 6 
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